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trade and 15 t o  21 months for the SE. trade, and tha t  this high 
surface temperature in some way brings about a high barometric 
pressure over the southern par t  of the regiuii and a low presaure in 
the northern part, so tha t  a high urface temperature in the North 
Atlantic gives rise t o  a11 ahnor nallj 4terp ixtrometric gradient 
from south t o  north. 

Space does not permit touching upon the many phases 
of the subject considered. Ten major conclusions are 
presented as follows : 

(1) The surface temperature of the North Atlantic Ocean be- 
tween Florida and Valencia haa a positive correlation with syn- 
chronous pressure over the area Valencia, Bergen, Berlin, a id  
Azores, but  a negative correlation with pressure a t  J a ~ ( ~ h ~ h a v ~ i  
and Stykkisholm. 

(2) The pressure at Jacobshavn and Stykhisholm has a positive 
correlation with the NE.  trade wind four nionths before, this 
relationship not being due to  the influence of the Gulf S t ream 

(3) The surface temperatiirc of the North Atlnntic has a positi\c 
correlation with the NE.  trade wind 12 months before, this relation- 
ship being due to  the influence of tlie Gulf Stream. 

(4) The surface temperature has a negative correlation n i lh tlie 
NE. trade wind 15 t o  21 months before. 

(5 )  The correlation between the pressure in western Europe and 
the North Atlantic and the strength of the NE. trade wind 12 to  
21 months before is generally small, Iiut the coefficients iihiially 
have the signs to  be espected from relationships (1) , (3) ,  and ( 4 )  ; 

tha t  is, prescure at stations in the area Valencia, Bergen, Berlin, 
and Azores tends to  have a positive correlation with the NE. trade 
wind 12 months before, and a negative correlation with the trade 
wind 15 to  31 months before. 

(G) The stirface temperature of the North Atlaiitic has a positive 
correlation mith the velocity of the SE. trade wind 15 to  21 months 
before, this relationship being due to  the influence of the Gulf 
Stream. 

[7) Pressure at Valencia, Paris, Berlin, and Ponta Delgada has 
a positive correlation with the velocity of the SE. trade wind 15 
t o  21 months before; pressure at Jarobshavn, Stykkisholm, and 
Vardo has R negative correlation with the velocity of the SE. trade 
wind 15 to 21 months before. 

(x) The surface teniperature of the North Atlantic and the 
pressure a t  Ponta Delgada have a positive correlation with the 
Beriiiuda-Charleston prcssure diference 3 to 9 nioiiths before and 
15 to IS months before. 

(9) The surface tenipcrat~ire o f  the North Atlantic lias a positive 
rorrelation \J ith the Berin~irIa-Sycl~iey ( N o v : ~  Scotia) pressure dif- 
fcrence three months I,rfore; the pressure at  Ponta Delgada lias a 
miall pobitivc correlation, and preshiire at Jscohshavii a small nega- 
ti\.<- correlation with the Bcrniiida-Sydney prcssure difference three 
inoiiths before. 

(10) The prebsure in Westcrn Europe and tlic North Atlantic 
(except the Azores) has a negative corrclatiori with the pressure 
difference three months befure t>etweeii the point 50' N., 20' W. 
and Vestmanno, Iceland. .4t the Azores t l x  correlation is positive. 
--.1. J. 11. 

IMPROVED WATER-FLOW PYRHELIOMETER 

By W. bl. SHULGIN, Scientific Collaborator and Lecturer 

[Timiriaseff's .4cddr1ng of Kut:d ~ c m - m i i ,  hloscou, S. S. H.] 

Doctor dbbot  in America has constructed a wxter-flow 
pyrheliometer, which appears to be the most accurate 
standard apparatus for the measurement of tlie intensity 
of solar radiation yet made. My work a t  tlie nieteoro- 
logical observatory of the Tiiiiiariaseff's ilcadeiiiy of 
Rural Economy, MOSCOW, has for its object the coii- 
tinuation of these studies of the pyrheliometer for the 
purpose of iniproving its construction and increasing its 
accuracy. I describe here n method that peiiiiits the 
intensity of solar radintion to be measured with an 
accuracy of 0.1 per cent or more, depending upon the 
sensitiveness of the galvanometer. 

The theory of the apparatus constructed by Doctor 
gbbot, mid desciibed in the Annals of the Astrophyicnl 
Observatory of the Smithsoiiian Institution, Volume 111, 
is quite simple. In  order to attain bigli precision a flow of 
water a t  constant temperature :it till points is indis- 
pensable. For this purpose there is required a tlierino- 
stat which will a l l o ~  only insignific:int fluctuations of 
temperature, not exceeding O.OOO1°. This theriuo~tnt 
should be located RS ne:ir tis po.;sit)le to the entrance to 
the pyrheliometer, and then cnre must be taken t l i n t  the 
water that passes it due> not chnnge temperature before 
reaching the calorimeter. 

Numerous eqierinieiits convinced me that in the cn5e 
of an open platform itlid p.11 inserted tube sucli 8 theimo- 
stat is impracticable. I l i ~ r e  therefore pl~iinecl tin 
improvement of the appnr:itii.; itself thnt will obriatr the 
necessity of constant temperature of the flowing water. 

I have investigated the necessity of constant tempera- 
ture of the water during considerable periods and tlie 
objections to fluctuations in temperature. 

I have reached the conclusion that under certain 
conditions variations in temperature of the water do not 
interfere with the accuracy of the apparatus. 

Let us suppose that first of all we have obtained a 
constant temperature of the flowing water. Then the 
readings of our two thernioelenients, one a t  the ingress 
and the other a t  the egress, will be zero. But suddenly 

a coliimn of hot water appears nt thk ingress. (Fig. 1.) 
As soon as i t  reaches the iiigress thermoelement tlie latter 
will receive ti teiiiperature increase of t2-tl, and the 
gnlvaiionieter will record t 2 - t l  (fig. 2)  until the hot 
co! iiniii leaves the iiieress thennoelement. In  Figure 3 it 
has nearly left i t ;  in Figure 4 it is entirely separated 
from tlie ingress theimoelement, and the galvanometer 
again reads zero. 

As i t  advances the hot-water columii reaches the egress 
thermoelenient, Figure 5 ,  and the galwinometer is de- 
flected by :t currelit of tlie same strength RS before, but 
having tlie opposite sign. The galvnnonieter again comes 
to the zero line when the hot-wuter column leaves the 
egress tlieriiioeleiileiit , Figures G nnd 7. 

The phenoiiienn of the passage of a hot column in an 
ideal case (:hence of inertia in the galvnnometer, no loss 
o f  heat froin the water colii~~in, etc.) are reproduced in 
tlie lines of Figure 8. Iluring half a niinute, t8he time 
required ior the w-:iter c.olunin to trayerse the tube, the 
r~cord i~ ig  g:ilv:uioiiieter lins inscribed two quite siniilar 
quare.;, but of opposite sigii, tlie algebraic sum of the 
H L'MJ of  n 1lic.h equd.; zero. 

,ict8ually 11 e h a ~ e  no uxter columu~ with such sudden 
The thing to 

be noted is tilnt if the liot colunim follow one another 
regcilsrly and  t!:eir temperatures we eqiid, tlien the sum 
of the squares recorded on tlie p1iotogr:iiii m d  the sum of 
the heat received l y  the calorimeter during t'he half- 
Iliiiiiite intr ivd u e  each equal to zero. 

I t  C R I ~  even hitppen thnt the hot coluniiis will pass the 
t,liermoeleineiit.; synclironously. Then the galvanometer 
will record n continuous straight line, without arches or 
depressions, notwithstanding the variations in the tem- 
pertlture of blie water flow. Let us indicate the length 
of the spiral tube of the tipparatus by L, tlie length of the 
cold column by 71, the length of the hot column by 12. 

a Then evidently synchronism will obtain when - = 

whole number. Therefore regular variations in the tem- 

itioiis from high to low teiiipertiture. 

L 
11 + 12 
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perature of the water flow do not cause errom in observa- 
tions that extend over a period of more than half a minute. 
Quite a different result will be obtained if we have 

irregular temperature variations. Such variations are 
shown graphically in Figure 9, where the vertical lines 
indicate the temperature-the more numerous the lines 
the higher the temperature. Under these conditions the 
right-hand thermoelement will have the higher tenipera- 
ture and a t  no time will the record return to zero. Also 
the deviations of the galvanometer on the two sides of 
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For the elimination of this temperature tendency from 
the records of the apparatus I had intended a t  first to use 
two spirals joined in the same Dewar vessel, which would 
require two galvanometers. Afterwards I worked out a 
method by means of which I exclude this temperature 
tendency of the water flow and attain a perfectly straight 
zero line, using only one galvanometer. The principle 
of the method is the following: 

Let us assume a tube containing flowing water and 
divided into two branches, Figure 11. By means of 
Reynold’s formula we may determine a section of the 
tubes that will prevent the formation of eddies. There- 
fore the water entering the branches will constitute two 
longitudinal flows of equal strength, and at  the ends of 
the branches two points can be found where the temper- 
ature difference t2--tl always equals zero. These points 
will be found at  equal distances from the place of branch- 
ing, and they will be the points a t  which the thermal 
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zero will be unequal. On the other hand, during all this 
time the photogram will show increase of heat, although 
the waterflow that enters will continually be recorded 
as becoming colder. This sign of the ordinate, which in 
general is variable, I call the tendency of the $ow. This 
tendency is recorded with great precision by my appa- 
ratus and in general indicated sources of error in the 
pyrheliometer. For instance, we may obtain a perfectly 
straight line a little above the zero, Figure 10, which 
does not mean a t  all that the flowing water received its 
heat in the calorimeter. It may mean that before enter- 
ing the calorimeter the temperature of the water is 
unfailingly and regularly raised. 

0 0 
elements will be placed. Then if one of the branches 
of the tube is warmed by the sun a difference of 
temperature will a t  once be indicated, as the tem- 
perature tend ency of the tube exposed to the sun is 
changed. 

These theoretical considerations have been fully con- 
firmed by experiments, as is seen from the photograms 
reproduced in Figure 12. Figure 12, upper part, shows 
a four-hour record made by apparatus of the old type 
with a thermostat placed in the path of flow. Figure 12, 
lower part, shows a record of more than five hours’ dura- 
tion c.onstructed with a branching tube and without a 
thermostat. The water entered the apparatus from a 
plain Mariott ’s bottle. 

Verifying the apparatus by means of a Dgaul’s heater, 
I obtained figures deviating =0.1 per cent from the mean, 
but I propose further improvements in construction, fol- 
lowing the method of branching flow developed by me, 
provided my material means permit. 


